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ABSTRACT
Further mathematics has been described to be the bedrock of science, technology, engineering and mathematics (STEM). In Nigeria, mathematics is divided into pure mathematics and further mathematics. Further mathematics has been seriously neglected by most students’ in Nigeria since it is not compulsory in senior secondary school and it has a positive effect in their academic performance in mathematics. On this note, the study investigated the perceived impact of further mathematical knowledge on students' academic performance in mathematics at Senior Secondary School, Ilorin, Kwara State.  Ex-post facto research design was used to elicit information needed for analysis. The stratified sampling technique was used to select students for each school. However, 200 hundred students are considered in the study, 10 students were picked from a school comprising of 20 schools from two local governments in Ilorin, Kwara State. The acquired data was analyzed using the Regression and t-test statistical tools. The findings revealed that there is strong relationship between further mathematics and mathematics. It also revealed significant impact of further mathematics on academic performance of students in mathematics.  The study also found that gender had significant impact on pupils' understanding of further mathematics and academic achievement in Mathematics. It was also discovered that school type had a significant effect on the academic performance of students in mathematics with knowledge of further mathematics. The researchers suggested that mathematics teachers be encouraged to teach further mathematics in school in order to strengthen students' scientific skills right from senior secondary schools. Further mathematics should be made require for all scientific and non scientific students in senior secondary schools, as the majority of them take a similar course in further mathematics when they get to tertiary institution
Keywords: Further Mathematics Knowledge, Mathematics Performance, Secondary school


INTRODUCTION
Further mathematics is described as a crucial instrument for all science subjects in both senior secondary schools and higher institutions. Further mathematics extends the skills and knowledge acquired in mathematics and is offered as an elective subject in senior secondary schools of Nigeria. This subject introduces students to advanced topics in mathematics, getting them prepared for further studies in mathematics or related courses. It is mandatory for all students to take basic mathematics, only a few science students opt for further mathematics. The Nigerian educational system has embraced this global trend and recommends that further mathematics be regarded as an elective in senior secondary school classes. Lyakhova & Neate (2018) stated that participation in advance mathematics is expected to increase the number of undergraduate students pursuing courses in the Sciences, Technology, Engineering, and Mathematics (STEM) fields.
Further Mathematics is intended for students who are mathematically-inclined who are willing to deepen and improve their understanding of mathematics and its applications in society. Students will gain advanced mathematical thinking and reasoning skills, as well as a broader understanding of mathematical methods and instruments. This will give students who wish to study mathematics or related university courses like Science, Engineering and even some non science discipline like Economics, Accounting can benefit from a more solid foundation in the subject.

However, Gbamibole (2013) referred to further mathematics as an analytical subject encompassing advanced mathematical concepts. In the Nigerian Educational System, further mathematics is a relatively recent curriculum that relates to advanced secondary school mathematics. According to Odili and Asuru (2011), a national workshop on policies and strategies for improving the teaching and learning of mathematics at all levels, convened by the National Mathematics Centre (NMC), proposed the addition of further  mathematics into the Nigerian school curriculum.
Experts and researchers have identified further mathematics as mostly relevant in STEM fields, especially at the tertiary level (Barham, 2012; Bowyer & Darlington, 2016). Students perceive further mathematics as an importance subject that prepares them for STEM fields, particularly in the sciences (Ademola, 2014; Baldwin, de Pomerai & Smith, 2016). The subject is introduced at the senior secondary school level (Baldwin et al., 2016; Rossdy, et al., 2019). Further mathematics is more demanding than basic mathematics but is considered more rewarding in terms of tertiary education and career opportunities (Ademola, 2014; Baldwin et al., 2016; Chadwick, 1985).
Mathematics is categorized into general mathematics and further mathematics at the senior secondary school level. General mathematics is compulsory for all students, regardless of what the students want to study in advance course (Dehipawala et al., 2014; Baskan et al., 2010). Mathematics is the requirement for university admission in most disciplines (Ahmed et al., 2015; Okey & Gladysibibo, 2015). Conversely, further mathematics is optional and typically taken by pure science and technical students (Ademola, 2014; Oluwatusin & Dele-Rotimi, 2017). Further mathematics is not compulsory in Nigeria and is often avoided by students due to the challenges they face in learning it (Bowyer & Darlington, 2016; Michelsen, 2015). However, the relevance of further mathematics to the learning of basic mathematics and other science subjects has grown in popularity among researchers
Students in Senior Secondary School are exposed to advanced level mathematics topics, preparing them to pursue Engineering, mathematics or mathematics related fields. Meanwhile, all students offer mathematics, only a few number of science students or non science students typically offer further mathematics (Olawatusin & Dele, 2017). 
 Lyakhova and Neate (2018) stated that students find it difficult to correlate the knowledge of Mathematics learnt at secondary school and the knowledge Mathematics learnt at the University. The objectives of the Nigerian Further Mathematics curriculum are to: 
1. Students should acquire conceptual and manipulative math skills to get prepared for further math courses and implementations. 
2. Maintain consistency with those employed in Federal Colleges of Education, Universities, and Polytechnics so that graduates of the program won't need to pick up any new skills when they enroll in any of the aforementioned establishments. 
3. Develop advanced mathematical abilities in aspiring scientists, engineers, and mathematicians. (NERDC, 2012) 
Math is one of the most important subjects taught in schools all around the world. It is a topic that has direct connections to other topics, particularly the sciences and technology. Mathematics is another subject that is mandated for both primary and secondary education. Mathematics is a vital and essential tool for every nation's advancement in science, technology, and the economy, according to Umameh (2011) in Tshabalala & Ncube (2013). 
Due to mathematics' importance in today's world, it is a required subject in secondary education. Every discipline is impacted by mathematics to varying degrees (Charles and George 2019). According to Onwudire (2015), mathematics is essential to the development of every person and every country.  It is believed to be an instrument for political, socio-economic, scientific and technological developments (Chang, 2002). Mathematics is perceived as the foundation of scientific and technological knowledge, cherished worldwide. Over centuries, it has been viewed as a prime vehicle for developing logical thinking and higher-order cognitive skills in students. Additionally, mathematics plays a significant role in various scientific fields, such as physics, engineering, and statistics. Picker (2010) opined that mathematics is the root of science, essential for a nation's prosperity and economic independence. Competence in mathematics provides opportunities for personnel needed in industry, science, technology, and education.

Neale (2010) stated that mathematics lessons are likely to be instructed in schools and colleges worldwide more than any other subject.  Despite the benefits, mathematics is often perceived as difficult, obscure, and uninteresting to some people. Nevertheless, mathematics is crucial in life, though many learners find it difficult to learn the necessary mathematical skills and processes useful in their everyday lives.
Odumosu et al. (2012) described mathematics metaphorically as the farmer’s cutlass, the tailor’s tape, the artist’s pencil, the barber’s clipper, the hairdresser’s comb, the journalist’s pen, the broadcaster’s microphone, the doctor’s stethoscope, and the lawyer’s wig. This metaphor illustrates mathematics as a tool for solving societal problems. Otunu-Ogbisi (2009) described the teaching and learning of mathematics as the process of imparting and acquiring skills, knowledge, aptitude, abilities, and attitudes that enable individuals to be functional and productive, contributing to national development goals.
The status of mathematics as the root for developing scientific reasoning and the associated benefits likely informed its compulsory inclusion at all levels of basic education in Nigeria (Omenka & Otor, 2015). Mathematics is taught primarily to develop thinking skills, self-reflection, and problem-solving abilities concerning environmental and societal issues. The National Science Foundation (2002) affirmed that students should possess a conceptual understanding of mathematics in various forms and know how and when to Use various mathematical representations for diverse goals. Such presentations allow students to experience, discover, discuss, and reconstruct the socially negotiated nature of mathematics.
Despite the importance of mathematics, students' achievement in the subject at both junior and senior school levels has worsened over the years (Oyedeji, 1987). Researchers confirm low performance in mathematics in qualifying exams (SSCE) and placement exams like the University Matriculation Examination – UME (Okoro, 2005). In Kenya, Bosire et al., (2008) reported that mathematics performance is alarmingly low, with only 15% of students who took the mathematics examination scoring a D+ grade (30–40%). A ten-year study of mathematics performance in the Kenya Certificate of Secondary Education Examination from 1999 to 2008 shows national mean scores ranging from 12.23 to 18.73 (Mbugua et al., 2012). Ngware et al.'s (2015) findings further underscore this issue, indicating that African countries' performance in mathematics is significantly poorer comparing to the rest of the globe. They highlight that in the International Mathematics and Science competition, five African countries participated and were ranked among the last seven of the 45 countries that took part.
Similarly, Nigerian curricula and policies give mathematics the full weight it deserves from elementary school through higher education. In light of this, all elementary and secondary school pupils must study mathematics as a core subject, according to a (2004) Federal Republic of Nigeria (FGN) declaration. A student must also pass mathematics as a required subject at the credit level in order to be admitted to any postsecondary institution in Nigeria. The following goals for secondary school math are stated in the Comparative Education Study and Adaptation Center (CESAC) (1982):
· To cultivate computing proficiency as well as the drive and capacity for accuracy to the extent that it matters for the task at hand. 
· To cultivate exact, rational, and abstract thought
· To improve one's capacity to identify issues and use mathematical knowledge to solve them. 
· To give the basis in mathematics that is required for higher education. 
· To pique the learner's curiosity, inventiveness, and inventiveness. 
In the view of the above context, this study aims to investigate the perceived influence of further mathematics knowledge on students' academic performance in mathematics in senior secondary schools in Ilorin, Kwara State.
Review Literature
Ademole (2007) investigated the effect of further mathematics on students’ achievement in mathematics, biology, chemistry, and physics in Ogun State, Nigeria. He concluded that offering further mathematics is advantageous for understanding mathematics and other science subjects. He encouraged all science students to take further mathematics, as it enhances their performance in these subjects. Teachers should teach further mathematics effectively so students can apply the knowledge in other subjects.
Olamilekan & Loyison (2023) examined how further mathematics predicts students’ performance in physics in Freetown, South Africa. They concluded that further mathematics strongly predicts students’ performance in physics. They recommended encouraging students to undertake further mathematics due to its usefulness in tertiary education, particularly in STEM fields. Unlike several cited studies, gender and school type did not significantly influence the prediction between further mathematics ability and physics performance among participants.
Similarly, Hamza et al. (2015) studied the effect of further mathematics on students’ achievement in mathematics, biology, chemistry, and physics in Katsina State, Nigeria. They observed that students offering further mathematics have an overall advantage over their non-further mathematics counterparts. Offering further mathematics at the secondary school level exposes students to advanced topics, enhancing their performance in various science subjects and providing a strong foundation for tertiary education, especially for those pursuing mathematics and engineering. They recommended that science students be encouraged to take further mathematics to enhance their performance in other subjects. Teachers should ensure that students understand and can apply the knowledge gained.
Oluwatusin & Dele (2017) evaluated the impact of the further mathematics curriculum on students' performance in science-related subjects in the senior secondary certificate examination in Ikere Local Government. They concluded that including further mathematics in the curriculum leads to improved academic performance in other science disciplines. Students that are well-versed in advanced mathematics succeed in physics, chemistry, and biology.

Statement of the Problem
Further Mathematics is an advanced topic taught in senior secondary school to prepare students for higher-level courses at tertiary institutions. Further Mathematics is a broad program that aims to enhance students' mathematical knowledge. The WAEC chief examiner (2013, 2014, 2016, and 2017) claimed that students' performance has consistently fallen below standard, attributable to inadequate coverage of the Further Mathematics curriculum by students. The chief examiner recommends that students and teachers master all of the Further Mathematics curriculum topics before the exam, as questions are based on the complete curriculum, not just specific areas taught.
Despite the importance, most schools and parents are not encouraging students to offer further mathematics. The perceived influence of further mathematics knowledge on students' academic performance in mathematics in senior secondary schools in Ilorin, Kwara State, has not been extensively studied. While further mathematics is offered as an elective subject, there is limited research on its impact of further mathematics knowledge on students' performance in mathematics. This study aims to investigate the perceived the impact further mathematics has made in students' academic performance in mathematics in senior secondary schools.
Objectives of the Study 
The purpose of this study was to perceived influence of further mathematics knowledge on students' academic performance in mathematics in senior secondary schools in Ilorin, Kwara State, Nigeria. The objectives of the study were to: 
1. Find the relationship between further mathematics and mathematics and significant impart of further mathematics knowledge on academic performance of students in mathematics
2. Find the significant impart of further mathematics knowledge on academic performance of students in mathematics based on gender and school type.
Research Questions
What is the impact of Further Mathematics knowledge on academic performance of students in Mathematics? 
Research Hypothesis
H0: There is no significant impact of Further Mathematics knowledge on academic performance of students in Mathematics.
H1: There is no significant impact of gender on academic performance of students in Mathematics.
H2: There is no significant impact of school type on academic performance of students in Mathematics 
METHODOLOGY
The researchers employed an ex post facto design. In this study, the mathematics results from SS 2 to SS 3 examinations were collated for analysis. Mathematics results from two years were collected from each school, comprising five students from science classes and five students from either commercial or arts classes. Because the five students in science are offering both mathematics and further mathematics while the five students in commercial or art class is only offering mathematics. The grading used for analysis was adapted from Badmus and Loyiso (2023), who categorized grades as A (excellent, 70-100%), B (good performance, 60-69%), C (satisfactory, 50-59%), D (less than satisfactory, 45-49%), E (unsatisfactory, 40-44%), and F (failed, below 39%). In this study, scores were categorized as high scorers (70-100%), medium scorers (50-69%), low scorers (40-49%), and failed (below 39%). The classes were considered to compare the performance of students offering both further mathematics and mathematics and those offering only mathematics. In Nigeria, most science students take both subjects, while arts or commercial students take only mathematics.
The participants offering mathematics were administered a consent form in science classes and arts or commercial students. The criteria for the selection of the participating schools included a common syllabus, qualified teachers, science students offering both subjects, and arts or commercial students offering only mathematics. Only students who filled and signed the consent form with their parents/guardians formed the sample for this study, ensuring that ethical processes were not compromised. It is worthy of note that all the participating students offered general mathematics as it is compulsory.
However, A sample size of two hundred (200) students were purposively selected from ten (10) senior secondary school in two local government participated in the study. One hundred (100) students were chosen from each local government consisting 5 in private schools and 5 in public schools. The data collected from the respondents were analyzed using regression and t-test 
Results 
In Table 1 below: 200 students were used in the study, 109 were male representing (54.5%) of the sample population, while 91 were female representing (45.5%) sample of the population. Out of the 200 students that were considered in the study, 131 students were from public schools which is (65.5%) sample population while 69 students were from private school which is also (34.5%) of the sample population. However, male students had more representation than female students. 
Table1: Summary of Demographic Distribution of Respondents
	Variable
	Frequency 
	Percentage(%)

	Gender 

	Male
Female 
Total
	109
91
200
	54.5
45.5
100.0

	School Type

	Public
Private 
Total
	131
69
200
	65.5
34.5
100.0



H0: There is no significant impact Further Mathematics knowledge on academic performance of students in Mathematics.
Table 2: Summary of the Regression for relationship between further mathematics and mathematics
	A.                               Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.918a
	.843
	.842
	.51120

	a. Predictors: (Constant), Further mathematics


  
	B.                                           Anova

	Model
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	0
	Regression
	277.013
	1
	277.013
	1060.034
	.000

	
	Residual
	51.742
	198
	.261
	
	

	
	Total
	328.755
	199
	
	
	

	a. Dependent Variable: Mathematics

	b. Predictors: (Constant), Further mathematics




	C.                                        Coefficientsa

	Model
	Un standardized Coefficients
	Standardized Coefficients
	T
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	           .596
	            .090
	
	    6.605
	      .000

	
	Further mathematics
	1.144
	.035
	        .918
	32.558
	.000

	a. Dependent Variable: Mathematics

Part A of Table 2 revealed that 0.918 indicates a strong positive similarity between further mathematics and mathematics. R Square is 0.843 indicates that 84.3% of the variance in mathematics is explained by further mathematics. In other words, students' academic success in mathematics is predicted by their further mathematics knowledge or Further Mathematics has a substantial and considerable effect on mathematics, accounting for a large percentage of the variance.

Parts B show how the independent variable further mathematics significantly predicts the dependent variable mathematics. To test the null hypotheses, since p<0.0001 which is less than 0.05 which indicates further mathematics predicts mathematics. The null hypothesis is therefore not accepted. Thus, the alternate hypothesis is accepted at the level 0.05 of significant. The relationship is considered statistically significant. Therefore, the results indicate that further mathematics has a considerable and strong positive influence on students' performance in mathematics

The Part C revealed  the relationship between the Further mathematics and Mathematics can be represented in the equation 0.596+1.144 (Mathematics)



HO1: There is no significant impact of gender on further mathematics knowledge in academic 
performance of students in Mathematics.
Table 3: Summary of t-test Analysis of the perceived impact of further mathematics knowledge on academic  
             performance of students in mathematics based on gender
	Group
	N
	Mean 
	Std.Dev.
	Df
	t-value
	Sig.

	Male
	109
	1.63
	0.48
	198
	12.47
	0.000

	Female
	91
	1.00
	0.00
	
	
	



The table 3 t-test results show a statistically significant difference in the perception of the impact of further mathematics on academic performance of students in mathematics based on gender. Evident from the calculated t-value of 12.47 which is greater than .05 α level (12.47 > .05). Thus, the hypothesis is not accepted.  Male students perceive the influence of further mathematics on their academic performance differently compared to female students. Given the mean scores, male students have a higher perception of the influence of further mathematics on their academic performance compared to female students. Since the significance value is 0.000, it suggests that the observed difference is not due to random chance.
Therefore, the data indicates a significant gender difference in the perception of further mathematics' influence on academic performance in mathematics, contradicting the initial statement that there is no significant impact of gender.

HO2: There is no significant impact of school type on academic performance of students in 
Mathematics
Table 4: Summary of t-test Analysis of the perceived impact of further mathematics knowledge on academic performance of students in mathematics based on school type
	Group
	N
	Mean 
	Std.Dev.
	Df
	t-value
	Sig.

	Public 
	131
	1.69
	0.48
	198
	0.47
	0.00

	Private 
	69
	1.00
	0.00
	
	
	


Table 4 shows the results of t-test analysis that determined the significant difference in the perceived influence of knowledge of further mathematics have a positive impact in mathematics academic performance in senior secondary school students in Ilorin, Kwara State based on the type of school (public or private). The calculated value of t is 0.47 for which is greater than .05 α (.47 > .05). Thus, hypothesis is therefore not accepted. It means there is a significant influence of further mathematics knowledge on academic performance of students in Mathematics based on school type
The public schools perceive the impact of further mathematics knowledge on their academic performance in mathematics differently compared to private schools. The public schools students had a higher mean score of 1.69 compared to private school students who had a mean score of 1.00. The type of school did not influence significantly the prediction between students’ further mathematics ability and students’ mathematics performance. Therefore, the data indicates a significant school type difference in the perception of further mathematics' impact on academic performance, contradicting the initial statement that there is no significant influence of school type.
Discussion 
Further mathematics has been regarded as the most difficult subject and has been neglected by most students, particularly in Nigeria. In this study, we discovered a robust association between further mathematical knowledge and mathematical performance. 84.3% of the sample of the population demonstrated how much variation in mathematics is explained by further mathematics. Further Mathematics has a considerable and favorable impact on students' mathematical performance. Students who had better scores in further mathematics also had better scores in mathematics; students with poor scores in further mathematics also had poor scores in mathematics from the study. H0 was tested and it is statistically significant which predicts the relationship between mathematics and further mathematics. This finding is consistent with the findings of Hamza et al. (2015), who investigated the impact of further mathematics on students' achievement in science subjects such as mathematics, biology, chemistry, and physics in Katsina State, Nigeria, as well as Oluwatusin and Dele (2017), who also investigated the impact of the further mathematics curriculum on students' performance in science-related subjects in the senior secondary certificate examination in Ikere Local Government. Both stated that further mathematics has a beneficial influence in mathematics other mathematics related. Furthermore, the majority of topics in further mathematics are also in mathematics, therefore they are closely related.
Male students offered more mathematics than female students in this study. Male students obtained higher mean scores in mathematics and further mathematics than their female counterparts. However, the corresponding hypothesis indicated that gender has a considerable influence on student performance in further  mathematics and mathematics. This study verifies the preceding position that gender plays an important role in learners' ability in both additional mathematics and mathematics. The hypothesis also confirmed that school type has a considerable impact on students' success in further mathematics and mathematics.
Conclusion 
Form the study, there was revealed that there is a significant relationship between further mathematics and mathematics. Further mathematics is a strong predator of mathematics. There was a significant difference in the perception of both male and female base on gender and school type.
Recommendation
 For better improved performance in mathematics, students should offer further mathematics. All schools should be encouraged to offer further mathematics in respect to any class. Female students should be given equal opportunity as their male counterpart to study science related carriers as they both exhibited the potential to excel in science. Public school should be exposed to the same resources available in private schools to bridge the gap in their performance.
Senior secondary schools should consider integrating relevant concepts from Further Mathematics into the standard Mathematics curriculum. This would help all students benefit from the deeper understanding that Further Mathematics provides, even if they do not take the subject formally.
Invest in continuous professional development for Mathematics teachers, focusing on strategies to bridge the gap between students with and without Further Mathematics backgrounds. Teachers should be equipped to identify and support students who may struggle with advanced concepts due to a lack of exposure to Further Mathematics.
Senior secondary schools should encourage more students to take Further Mathematics by promoting its benefits, especially for those interested in STEM fields. This could be done through counseling sessions, career talks, and showcasing the success stories of former students who benefited from Further Mathematics.
Implement support programs for students who do not take Further Mathematics but wish to improve their performance in regular Mathematics. This could include extra classes, tutoring sessions, or peer study groups focusing on challenging topics.
Education policymakers should consider reviewing the Mathematics curriculum to ensure it is aligned with the demands of Further Mathematics, especially for students who plan to pursue STEM courses in higher education. A more cohesive curriculum could help bridge the gap between the two subjects.
Schools and educational authorities should continue to research the impact of Further Mathematics on students' performance in Mathematics and other subjects. Feedback from this research can be used to continuously refine and improve the curriculum and teaching methods.
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